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OPTICAL WAVELENGTH DIVISION 
MULTIPLEXER/DEMULTIPLEXER HAVING 

PATTERNED OPAQUE REGIONS TO 
REDUCE OPTICAL NOISE 

CROSS-REFERENCE TO RELATED 
APPLICATION 

This is a continuation-in-part of US. application Ser. No. 
09/347,490 ?led Jul. 2, 1999. 

BACKGROUND AND BRIEF SUMMARY OF 
THE INVENTION 

The present invention relates generally to optical 
multiplexers/demultiplexers. More speci?cally, the present 
invention relates to ZigZag pathWay optical multiplexers/ 
demultiplexers With discrete optical ?lters Wherein adjacent 
?lters on a common surface (typically a ?at surface of a 
molded optical block) have an optically transparent region 
betWeen ?lters. The present invention recognizes that said 
optically transparent regions create optical noise; that noise 
is reduced by applying a patterned opaque layer betWeen 
?lters. 

The present invention is particularly effective in reducing 
optical noise in the multiplexer/demultiplexer design shoWn 
and described in US. application Ser. No. 09/347,490, 
Which is incorporated by reference herein as though set forth 
in full. The present invention is also applicable to other 
optical multiplexer/demultiplexer designs Which utiliZe tWo 
or more discrete ?lters on a common surface having an 

optically transparent region betWeen those discrete ?lters. 
Prior art optical multiplexers and demultiplexers include 

the Nosu et al US. Pat. No. 4,244,045. Nosu utiliZes a series 
of Wavelength sensitive ?lters arranged in a ZigZag optical 
pathWay at a predetermined oblique angle to the light beam. 
Nosu positions ?lters on both sides of substrate 60. It is 
signi?cant that the fabrication of the Nosu device is expen 
sive and time consuming. No suggestion is made in Nosu 
concerning reduction of optical noise or the use of an opaque 
layer betWeen ?lters. 

The Scobey US. Pat. Nos. 5,583,683 and 5,786,915 teach 
an eight channel multiplexing device in Which a continuous 
variable thickness interference ?lter is deposited onto the 
surface of an optical block. This design has inherent Weak 
nesses. First, each ?lter must necessarily integrate the signal 
over its Width, since its thickness (and Wavelength 
sensitivity) varies across its Width; resulting in less precise 
?ltering. Secondly, the interference ?lter thickness may vary 
from device to device, also degrading its ?ltering perfor 
mance. Thirdly, each of the individual couplers such as item 
62 of FIG. 3 must be separately aligned after fabrication. 
Fourth, no suggestion is made concerning the use of an 
opaque layer to reduce optical noise. 

The Scobey et al US. Pat. No. 5,859,717 teaches the use 
of a precision optical block Which is opaque (col. 4, lines 
20—29) and in Which slots or gaps are machined or formed 
to provide an optical path, resulting in an inherently very 
expensive product. Furthermore, the separate collimators 
(6,24,46) and ?lters 32 must be separately aligned after 
fabrication of the device, adding to the time and expense of 
production. The present invention utiliZes a patterned 
opaque region applied to a molded optical block, Which is 
much cheaper than machining an opaque material. The 
present invention avoids the separate alignment of ?lters 
required by Scobey’717. 

The Jayaraman US. Pat. No. 5,835,517 teaches an optical 
multiplexer having multiple optical cavities Which must 
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2 
each be “tuned” after fabrication by adjusting its length. No 
suggestion is made of using an opaque pattern to reduce 
optical noise. 
The Lemoff et al US. Pat. No. 5,894,535 teaches an 

optical multiplexer in Which a plurality of dielectric channel 
Waveguides are embedded in a cladding region, Which 
process is considerably more expensive than the monolithic 
formed optical blocks used in the present invention. 
Furthermore, the ?lters must be separately aligned With the 
channel Waveguides after fabrication. No suggestion is made 
of using opaque regions betWeen ?lters to reduce optical 
noise. 
An optical multiplexing device combines or separates 

multiple light signals With varying optical frequencies. The 
optical multiplexing device has applications for both dense 
and coarse Wavelength division multiplexing (DWDM and 
CWDM) for both multi-mode and signal-mode ?ber optic 
data communications and telecommunications. Multiple 
Wavelength light sources are combined into a single optical 
path for transmission or multi-Wavelength light travelling in 
a single optical path is separated into multiple narroW 
spectral bands that is focused onto individual ?ber optic 
carriers or detectors. 

Current Wavelength division multiplexed (WDM) devices 
are designed for operation in single-mode optical ?ber 
telecommunications systems, Where performance over long 
distances (>100 km) is the primary factor and cost and siZe 
are secondary. As bandWidth demands Within the NetWork 
ing Industry [Local Area NetWorks (LAN) and Wide Area 
NetWorks increase, compact inexpensive Wave 
length division multiplexed systems Will become necessary 
in order to utiliZe the full bandWidth of the optical ?ber. The 
WDM device described herein utiliZes plastic-mold injec 
tion and inexpensive dielectric ?lters to create a compact 
device capable of multiplexing or demultiplexing multiple 
optical Wavelengths. 
Aprimary object of the invention is to provide a patterned 

opaque layer betWeen adjacent, discrete ?lters in an optical 
multiplexer/demultiplexer in order to reduce optical noise. 

Another object of the present invention is to provide a 
compact and cost effective optical multiplexer and demul 
tiplexer using inexpensive, discrete ?lters mounted on 
molded, optical blocks for both single-mode or multi-mode 
?ber optic communication systems Wherein cross-talk 
betWeen adjacent ?lters is reduced. 
A further object of the invention is to provide an optical 

multiplexer/demultiplexer having preformed parts With 
premolded, passively aligned optics and a series of discrete 
?lters and reduced cross-talk betWeen ?lters. 

Other objects and advantages of the invention Will 
become apparent from the folloWing description and draW 
ings Wherein: 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shoWs a cross section side vieW of an entire WDM 
optical multiplexer/demultiplexer using the present inven 
tion; 

FIG. 2 shoWs a cross-sectional side vieW of the optical 
block of FIG. 1, Without the patterned opaque layer for 
clarity; 

FIG. 3 shoWs a bottom vieW of the optical block of FIG. 
2, and shoWing the patterned opaque layer of the present 
invention; 

FIG. 4 shoWs an isometric bottom vieW of the optical 
block of FIGS. 1—3 shoWing the discrete ?lters positioned on 
the patterned opaque layer of the present invention; and 
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FIG. 5 shows an isometric bottom vieW of a portion of 
FIG. 4. 

DETAILED DESCRIPTION OF THE DRAWINGS 

FIG. 1 shoWs the assembled Wavelength division 
multiplexer/demultiplexer 10 Which utiliZes the present 
invention. FIG. 2 shoWs the optical block Without the 
patterned opaque layer for clarity and FIGS. 3—5 shoW the 
patterned opaque layer 130 of the present invention. A 
complete description of the device shoWn in FIG. 1 is 
contained in application Ser. No. 09/347,490. A portion of 
that description is repeated here for convenience. The device 
shoWn in FIG. 1 has the ability to combine individual light 
signals into a single optical path Which can be directed 
toWards an optical ?ber, and/or demultiplex such signals into 
individual channels. For simplicity of explanation, the 
demultiplexing functionality is described, since those skilled 
in the art Will readily understand the correlative multiplexing 
functionality. 

FIG. 1 shoWs the assembled primary components and 
illustrates the optical pathWay 90—96 Wherein an incoming 
signal includes eight separate Wavelengths (n Wavelengths in 
the general case), Which are separated into eight separate 
channels to be read by photodetectors (not shoWn). An 
optical block 20 may either be formed of glass or molded of 
plastic is shoWn With a plurality of ?lters 40 carried on its 
loWer surface 22. The optical block 20 has an upper ?at 
surface 21 Which is coated With a re?ective material 85. 

Amolded coupling module 60 has a ?at upper surface 61 
Which is adhesively connected to the ?at loWer surface 22 of 
optical block 20. 

The molded coupling module 60 in the embodiment 
illustrated in FIG. 1 includes a ?ber optic cable receptacle 80 
integrally molded therein for receiving the end of a ?ber 
optic cable (not shoWn) so that the end of the cable engages 
receptacle seat 81. 
As illustrated in FIG. 1, a multiplexed optical beam 

moves along optical pathWay 90, exits the end of the ?ber 
optic cable (not shoWn) and begins to diverge as shoWn at 
91. An integrally molded collimating lens 65 collimates the 
diverging light beam 91 and forms a collimated beam 92. 
The collimated light beam 92 is re?ected off integrally 
formed re?ective surface 66 of the molded coupling module 
60 and is directed upWardly toWard the re?ective coating 85 
carried by the ?at upper surface 21 of the optical block 20. 
As the light beam moves through that section 93 of the 
optical pathWay, it impinges against the re?ective coating 85 
at a predetermined angle of incidence as knoWn in the art. 
The re?ected beam 94 is re?ected in a ZigZag pattern in 
optical block 20 betWeen the plurality of n ?lters 40 and the 
re?ective surface 85 as is knoWn in the art. As the re?ected 
beam enters each of the n ?lters, one of the n different 
Wavelengths of light is transmitted through each ?lter and 
the separated Wavelengths move along the optical pathWays 
95a through 95h toWard the plurality of molded aspheric 
surfaces 70 formed on the loWer surface 62 of the molded 
coupling module 60. Each of the n aspheric molded surfaces 
focuses the separated Wavelength bands or channels 
96a—96h onto separate photodetectors (not shoWn), as 
knoWn in the art. 

As shoWn in FIG. 2, the optical block 20 is generally 
rectangular in shape having ?at upper and loWer surfaces 21 
and 22, a ?at proximal end Wall 23 and a ?at distal Wall 24. 
The optical block in the preferred embodiment of the 
invention is formed from a high quality optical glass. 
Alternately, the optical block 20 may be injection molded 
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4 
using high quality optical plastic. The re?ective coating 85 
is applied to the upper surface 21 of block 20. The re?ective 
coating may be formed of materials conventionally used in 
this art, such as dielectric interference coatings or metallic 
coatings. 
The present invention includes a ?rst embodiment having 

a single precision optical block With a re?ective coating on 
one side and an array of discrete multiWavelength Fabry 
Perot transmission ?lters on the other side. The precision 
optical block 20 can be formed of any transparent optical 
material capable of transmitting light over the desired spec 
tral region and being formed or polished to the correct 
thickness. The re?ective surface 85 can be placed on the 
optical block by a number of techniques, to include; dielec 
tric interference coatings, metallic coatings, etc. 
The plurality of n ?lters 40 includes eight discrete Fabry 

Perot ?lters 41—48 mounted adjacent each other on the ?at 
bottom surface 22 of optical block 20, as shoWn best in FIG. 
2. Each of the discrete ?lters 41—48 is spaced apart slightly 
from each other as they are adhesively connected to the 
bottom surface 22 of optical block 20. This method of 
placing the discrete Fabry-Perot ?lters adjacent each other 
on a knoWn ?at surface avoids many of the bonding and 
alignment problems in existing prior art Wavelength division 
multiplexers. Additionally, the proximal end 41a of ?lter 41 
is intended to contact the seat 68 (FIG. 1) of the molded 
coupling module 60 so that the ?lter assembly Will have the 
proper optical alignment With the aspheric lens array When 
the device has been assembled. The small spaces 151—157 
betWeen adjacent ?lters are optically transparent, and that 
transparency contributes optical noise to the operation of the 
device. 

The assembly of the ?lter array onto the optical block and 
then the adhesive bonding of the optical block 20 to the 
molded coupling module 60 achieves a passive optical 
alignment of the critical optical elements of the device. 
When assembled as described above, the output beam 91 of 
the ?ber optic cable is directly coupled to the Wavelength 
division multiplexer/demultiplexer 10 and is automatically 
and passively aligned With the internal optics of the device, 
including the collimating lens 65, the beam re?ection means, 
the re?ective coating 85 on the top surface of optical block 
20 as Well as With the plurality of ?lters 40 and the plurality 
of aspheric surfaces 70. No postfabrication alignment or 
tuning or adjustment of these optical elements is required. 
As shoWn best in FIGS. 3—5, a patterned opaque layer 130 

is formed on the loWer surface 22 of optical block 20. The 
opaque layer 130 covers the spaces 151—157 betWeen adja 
cent ?lters and also covers the perimeter of the ?lter array. 
The patterned opaque layer 130 includes transverse lines 
131—137 With suf?cient Width slightly larger than the opti 
cally transparent regions or gaps betWeen adjacent ?lters 
41—48. The slightly larger Width of opaque material is 
suf?ciently Wide to prevent any undesired light from pen 
etrating through the gap betWeen adjacent ?lters. The pat 
terned opaque layer 130 also preferably includes perimeter 
lines 141—144 Which extend around the perimeter of the 
footprint of the array of ?lters 41—48. The Width of perimeter 
lines 141—144 is sufficient to reduce optical noise created by 
the ?lter edges interacting With portions of diverged light in 
the optical pathWay. 
The opaque layer 130 can be constructed of different 

materials (i.e. aluminum, dielectric coating, gold, etc.) and 
can be applied either through lithography or direct Writing. 
The foregoing description of the invention has been 

presented for purposes of illustration and description and is 
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not intended to be exhaustive or to limit the invention to the 
precise form disclosed. Modi?cations and variations are 
possible in light of the above teaching. The embodiments 
Were chosen and described to best explain the principles of 
the invention and its practical application to thereby enable 
others skilled in the art to best use the invention in various 
embodiments and With various modi?cations suited to the 
particular use contemplated. The scope of the invention is to 
be, de?ned by the following claims. 
What is claimed is: 
1. In an optical Wavelength division multiplexer or demul 

tiplexer having a Zig-Zag optical pathWay, and having a 
plurality of discrete ?lters Wherein each ?lter transmits a 
selected Wavelength and re?ects other Wavelengths, and 
Wherein at least tWo of said discrete ?lters are positioned 
adjacent each other on a common surface With an optically 
transparent region betWeen said tWo discrete ?lters, the 
improvement comprising: 

a patterned opaque layer means carried on said common 
surface to reduce optical noise, said patterned opaque 
layer means covering said optically transparent region 
betWeen said ?lters on said common surface. 

2. The apparatus of claim 1 Wherein said patterned optical 
layer means extends around the perimeter of said plurality of 
?lters. 

3. The apparatus of claim 1 Wherein said plurality of 
discrete ?lters is carried on a common, ?at surface of a 
molded optical block. 
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4. In an optical Wavelength division multiplexer and 

demultiplexer for single-mode or multi-mode ?ber optic 
communication systems, Wherein n channels are transmitted 

through a single ?ber optic cable having n different Wave 
lengths and Wherein the optical couplings, lenses and align 
ment of the device are achieved by forming and joining of 
prefabricated parts to avoid post-fabrication alignment and 
adjustment of the optical pathWay otherWise required, 
including an optical block having a ?at ?rst surface and a ?at 
second surface, a re?ective coating carried by said ?rst 
surface of said optical block, a plurality of ?lters carried on 
said second surface of said optical block, said ?lters adapted 
to separately ?lter tWo or more of said n different 

Wavelengths, said second surface of said optical block 
having optically transparent regions betWeen adjacent ?lters, 
the improvement comprising: 

a patterned opaque layer means carried on said second 
surface of said optical block to reduce optical noise, 
said patterned opaque layer means covering said opti 
cally transparent region betWeen said ?lters on said 
second surface. 

5. The apparatus of claim 4 Wherein said patterned optical 
layer means extends around the perimeter of said plurality of 
?lters. 


